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1
FIRST-IN, FIRST-OUT MEMORY SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to controlling first-in, first-out
data storage systems.

In a data processing system having a source provid-
ing data to a user, the source may need to provide data
at the same time as, but at a different rate than, the user
is able to accept it. A first-in, first-out memory can be
used to temporarily store the provided data until the
user can accept it.

SUMMARY OF THE INVENTION

In one aspect, the invention features apparatus for
controlling the loading and first-in, first-out reading of a
sequence of data words in a data store, the data store
comprising a plurality of stages, the apparatus compris-
ing pointer circuitry connected to specify the next-to-
be-loaded stage and to specify independently the next-
to-be-read stage, a loader responsive to the pointer cir-
cuitry and connected to enable loading the next data
word in the sequence to be loaded, a reader responsive
to the pointer circuitry and connected to enable read-
ing, independently of the loader, the next data word 1n
the sequence to be read, and pointer update circuitry for
updating the pointer circuitry after each loading and
after each reading.

In preferred embodiments, the stages are arranged
consecutively and the data words in the sequence are
loaded respectively into consecutive stages, and the
pointer circuitry comprises a register of elements ar-
ranged in a continuous ring, each of the elements being
associated with one of the stages, each of the elements
being in a first state when the corresponding stage ei-
ther contains a data word or immediately succeeds the
stage containing the last loaded data word, each of the
elements otherwise being in a second state, whereby the
next-to-be-loaded one of the stages is specified by the
corresponding element which is in the first state when
the next succeeding element is in the second state, and
the next-to-be-read stage i1s specified by the correspond-
ing element which is in the first state when the immedi-
ately preceding element is mn the second state; load
timing circuitry is included and connected to trigger the
loader to enable the loading; read timing circuitry 1s
included and connected to trigger the reader to enable
the reading; control circuitry is included to disable the
loader when the data store is full; the data store 1is
treated as full when all but two of the stages contain
data words; control circuitry is included to disable the
reader when the data store is empty; and the pointer
update circuitry comprises load update circuttry re-
sponsive to the completion of the loading of each data
word and connected to cause the element succeeding
the element which had specified the next-to-be-loaded
stage to change to the first state, and read update cir-

cuitry responsive to the completion of the reading of

each data word and connected to cause the element
which had specified the next-to-be-read stage to change
to the second state.

In another aspect, the invention features apparatus
for indicating the occupancy status of a first-in, first-out
data storage system, the system comprising a sequence
of stages, the apparatus comprising occupancy sensing
circuitry connected to indicate the occupied or unoccu-
pied status of each stage, and half-full flag circuitry
responsive to the occupancy sensing circuitry and con-
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nected to indicate when at least half of the stages are
occupied

In preferred embodiments, the sequence 1s split into
two sub-sequences having equal numbers of stages, each
stage in each of the sub-sequences being associated with
one of the stages of the other sub-sequence, and the
half-full flag circuitry comprises a plurality of half-full
indicators, each indicator being associated with one of
the stages in one of the sub-sequences and with the
corresponding stage in the other sub-sequence, each of
the indicators being connected to provide an at-least-
half-full signal when both of its associated stages are
occupied; full flag circuitry is included, responsive to
the occupancy sensing circuitry, and connected to indi-
cate when all of the stages are occupied; empty flag
circuitry is included, responsive to the occupancy sens-
ing circuitry, and connected to indicate when all of the
stages are unoccupied; the full flag circuitry comprises
a plurality of not-full indicators, each indicator being
associated with one of the stages and with the preceding
stage in the sequence, each indicator being connected to
provide a not-full signal when both associated stages are
unoccupied; and the empty flag circuitry comprises a
plurality of not-empty indicators, each indicator being
associated with one of the stages and with the preceding
stage in the sequence, each indicator being connected to
provide a not-empty signal when both of the associated
stages are occupied. '

In another aspect, the invention features a variable-
size data store for storing and first-in, first-out reading
of a sequence of data words comprnsing a plurality of
storage stages, linking circuitry for causing a group of at
least some of the storage stages to be available for stor-
ing, and size selector circuitry for selectably causing the
linking circuitry to change the number of the storage
stages In the group.

In preferred embodiments, the data store further
comprises a sequence of enabling elements, each of the
elements being associated with one of the stages for
enabling the corresponding stage to be loaded or read,
the sequence being split into a first part and a second
part, and wherein the linking circuitry selectably con-
nects or disconnects the first part and the second part;
and each of the first and second parts is split into a first
subpart and a second subpart, the first subparts having
equal numbers of elements and the second subparts
having egual numbers of elements, and the linking cir-
cuitry further comprises four multiplexers, one of the
multiplexers connecting each two of said subparts, the
apparatus further comprises occupancy sensing Cif-
cuitry connected to indicate the occupied or unoccu-
pied states of each stage, and half-full flag circuitry
responsive to the occupancy sensing circuitry and con-
nected to selectably indicate when at least half of the
stages, or at least half of the stages associated with the
first part, are occupied

The invention enables quick, efficient, and economi-
cal asynchronous reading and loading in a first-in, first-
out data storage system, while providing accurate, con-
tinuously available, full, half-full and empty status ind-
cators; the length of the data store is selectable to permit
speed and efficiency.

Other features and advantages of the invention will
be apparent from the following description of the pre-
ferred embodiment, and from the claims
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

We turn now to the structure and operation of the
preferred embodiment, first briefly describing the draw-

ings thereof.

DRAWINGS

FIG. 1 is a block diagram of a first-in, first-out data
storage system;

FIG. 2A is a block diagram of representative stages
of the data store of FIG. 1;

FIG. 2B is a block diagram of a representative mem-
ory element in the data store of FIG. 1;

FI1G. 3A is a block diagram of representative ele-
ments of the data control of FIG. 1;

FIG. 3B is a block diagram of the gating circuitry of
a representative control element of FIG. 3A;

FIG. 3C is a block diagram of the gating circuitry of
a representative control register element of FIG. 3A;

FIGS. 4A and 4B are tables of the status of the con-
trol register of FIG. 3A at each step in two different
representative sequences of data loading and reading
steps.

FIG. 5A is a block diagram of representative local
flag generators of the status flag generators of FIG. 1;

FIG. 5B is a block diagram of the gating circuitry of
a representative local flag generator of FIG. 5A.

FIG. 5C is a circuit diagram of a representative gate
of FI1G. 5B;

FIG. 6A is a schematic representation of the flow of

control in the control register of FIG. 3A;
FIG. 6B and 6C are block diagrams of alternative
configurations of the control register of FIG. 3A.
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FIG. 7A is a block diagram of a split configuration of 33

the control register of FIG. 3A;

FIGS. 7B, 7C, 7D and 7E are block diagrams of a
representative gating circuitry associated with the split
configuration of F1G. TA.

FIGS. 8A and 8B are block diagrams of direct read
clock and write clock signaling circuits for the control
elements of FIG. 3A.

STRUCTURE

Referring to FIG. 1, a data storage system includes
data store 10 into which sequences of data words (each
w bits wide) are written by data source 11 through input
data line 12 and from which data words are read oy data
user 13 through output data line 14 at a different speed,
at the same time, and in the same order (i.e., first-in,
first-out or FIFQ) as the data words are written.

As shown in FIG. 2A, data store 10 has a series of
n+ 2 stages (b, through b, 1) 16, where n is the maxi-
mum usable storage capacity of data store 10.

The ith stage 16 contains w one-bit storage locations
(b; o through b;,_1) 18 for holding a data word of w
bits. Input data line 12 and output data line 14 each have
w parallel lines so that all bits of each w-bit data word
can be carried simultaneously. Each stage 16 has a write
input 20 and a read input 22. Referring to FIG. 2B, a
given storage location 18, such as b;; (i.e., the location
corresponding to the jth bit of the ith stage), 1s con-
nected to the jth line of input data line 12 and stores the
bit appearing on that jth line when the ith write trigger-
ing signal, WRG,, appears at input 20. Location b;;
similarly reads out the jth bit on the jth line of output
data line 14 when the ith read triggering signal, RDG,,
appears at input 22, Therefore, when the WRG;signal 1s
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applied to the ith stage 16, the respective storage loca-
tions b;, through b; 1 store the bits of the data word
then appearing on input data line 12; and when the
RDG;signal is applied to the ith stage 16, the respective
storage locations b;, through b;, | apply the respec-
tive bits of the stored data word onto output data line
14.

Returning to FIG. 1, write line 26 comprises the n+2
lines which carry the write signals, WRG, through
WRG 1, to the respective n+ 2 stages 16 of data store
10; and read line 30 comprises the n+2 lines which
carry the respective read signals, RDG, through
RDG, . to the n+2 stages 16 of data store 10.

When a data word on line 12 is to be stored, data
control 24 (acting as a write enabler) provides a write
(WRG) signal to the appropriate stage 16; and when a
data word is to be read onto line 14, data control 24
(acting as a read enabler) provides a read signal (RDG)
to the appropriate stage 16.

Referring to FIG. 3A, data control 24 includes n+2
controllers 40, one controller 40 being associated with
each stage 16, and control register 42 having a series of
n-+2 register elements (C, through C, 1) 44, one regis-
ter element 44 being associated with each controller 40.
The ith controller 40 is arranged to provide to the cor-
responding ith stage 16 the ith wnte signal (WRG;) on
line 26 when the next-in data word is to be stored in the
ith stage 16, and the ith read signal (RDG;} on line 30
when the next-out data word is to be read from the ith
stage.

As shown in FIG. 3B, the ith controller 40 has a read
gate 46 and a write gate 48. If the ith register element 44
is in a logical 1 state Q;, indicated as a logical 0 state Q;*
on line 62, and if the i+ 1 register element 44 15 1n a
logical O state Q; 1, as indicated on line 63, then write
clock signal WRG;is provided by write gate 48 on line
26 and the data word then on line 12 is written into the
ith stage 16. Accordingly the next-in data word is al-
ways written into the ith stage 16 when its correspond-
ing register element 44 (acting as a write pointer) is in a
logical 1 state Q; at the same time that the 1+ 1 register
element is in a logical 0 state Q; 1.

Similarly, a read signal RDG is provided by gate 46
of the ith controller 40 on line 30 only if the 1th register
element 44 is in a logical 1 state Q,, indicated as a logical
0 state Q;* on line 62, and the i — | register element 44 1s
in a logical O state Q; 1, as indicated on line 64. Accord-
ingly the data word is always read from the ith stage 16
when its corresponding register element 44 (acting as a
read pointer) is in a logical 1 state Q;at the same time the
i— 1 register element is in a logical O state Q,_1.

Referring to FIG. 3C, the ith register element 44 can
occupy one of two logical states and provides state
indicators Q;and Q;* (the logical inverse of Q;) on lines
60 and 62 respectively, based on inputs CRD*, Q;_,,
Q;_i*, CWR* and Clear (Lines 60 and 62 together
comprise line 61 on FIG. 3A connecting the ith register
element to the ith, i4+1 and 1i—1 controllers 40). In
general, the state Q; of the ith register element 44 ts
logical 1 when the ith stage 16 contains a data word or
is the stage into which the next-in word is to be written
and otherwise is logical 0. The state of each register
element 44 is updated at the end of each read clock
signal or write clock signal received on line 28 or line
32.

The ith register element 44 includes two NOR gates
70, 72 which act as a flip-flop so that when the state Q;
of gate 70 is logical 1, the state Q;* of gate 72 will be
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logical 0 and vice versa. NOR gates 68 and 76 act as
shifters to update the status of register element 44.

At the trailing edge of each write clock signal which
appears on line 28, narrow clock generator 64 provides
a CWR* signal on line 66 indicating that a write opera-
tion has just been completed. CWR?* is normally a logi-
cal 1, but becomes a logical O at the end of each write
clock signal which appears on line 28. CWR?* triggers
the updating of the status of each register element 44.
When a CWR?* signal becomes a logical 0 on line 66, the
state of the ith register element 44 is updated in accor-
dance with the following table, depending on the states
immediately prior to the CWR* signal

Before CWR* After CWR"
Qi—1 Qi Qi Q,
0 0 0 0
0 | G 1
l 0O ] 1
1 | ] ]

Therefore, state Q;is changed (from O to 1) only when
Q,; was 0 and QQ;_; was 1 prior to the CWR?* signal. In
that situation the incoming data word was written into
the i—1 stage 16 and the next-in data word is to be
written into the ith stage 16.

Conversely, at the trailing edge of each read clock
signal which appears on line 32, narrow clock generator
78 places a CRD* =logical 0 signal on line 74, which
causes states Q; and Q;* to be updated in accordance
with the following table.

Before CRD* Afier CRD*
Qi-1 Q; Qi—1 Qi
0 0 0 0
0 ] 0 0
l 0 l 0
l ] | !

Therefore, state Q;is changed (from 1 to 0) only when
Q;was 1 and Q;-{ was 0 prior to the CRD* signal. In
that situation, the last outgoing data word was read
from the 1th stage 16 and the next-out data word will be
read from the 141 stage 16.

Control register 42 may be considered a half shift
register because each time a write clock signal appears
on line 28, all logical 1's are effectively shifted while 0’s
are 1gnored, and each time a read clock signal appears
on line 32, all logical O’s are effectively shifted while 1's
are 1gnored. Control register 42 operates 1n the normal
mode, only one register element 44 changing states at a
time, thereby minimizing noise generation.

In FIG. 3A, the last register element 44 C, . | has its
outputs connected by line 80 to the inputs of the first
register element C,44 and the corresponding controller
40, so that register 42 effectively forms a continuous
ring of register elements 44.

Control register 42 can be cleared and readied for
operation by the assertion of a signal on clear line 82,
Clear line 82 1s connected to gate 70 of each register
element 44, except for register element C, which has its
gate 72 connected to clear line 82. When a clear signal
appears on line 82, state Q of all register elements 44
becomes logical 0, except that state QQ of register ele-
ment C,becomes logical 1. The ith write gate 48 contin-
uaily provides a write signal (WRG;) whenever the ith
register element 44 is in a logical |1 state Q;, and the 141
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register element 44 1s i a logical O state. In those cir-
cumnstances, the ith write gate 48 1s effectively pointing
to the ith (empty) stage 16 of data store 10, and no
problem arises from permitting data source 11 to contin-
uously write data into the ith stage 16. When the CWR?*
signal causes a status update, the data word then being
written into the ith stage 1s effectively stored. Similarly
the nexi-out data word is being continually read until a
CRD* signal causes a status update of the register ele-
ments 44.

Returning to FIG. 1, data control 24 provides signals
over status lines 100 to status flag generator 102, indicat-
ing the states Q and Q* of the n+ 2 register elements 44.
Refernng to FIG. SA, status flag generator 102 has
n-2 local flag generators 104 corresponding to the
n+ 2 register elements 44. The ith local flag generator
104 receives as input on appropnate status hines 100 the
states Q;. ;1 and Q;_1* of the preceding register element
44, the states, (Q; and Q;* of the ith register element, and
the state

of the
'Lzz--i-:'-l-i

register element 44. Referring to FIG. SB, the ith local
flag generator 104 has three NAND gates 106, 108 110,
Only if both the ith and the i — | register elements 44 are
in logical state 1 will the ith gate 106 assert a logical O
signal on empty hne (MT);) 112, indicating that the ith
register element does not sense an empty situation. Be-
cause the outputs of all gates 106 are connected 1n a
conventional wired-OR configuration, only if none of
the gates 106 asserts a logical 0, will empty lIine 112
remain in a logical 1 state indicating that data store 10 1s
empty.

Only if both the ith and the 1— ] register elements 44
are in logical state 1 will the ith gate 110 assert a logical
0 signal on full line (F;) 114 indicating that the tth regis-
ter does not sense a full situation. Because the outputs of
all gates 110 are connected in a conventional wired-OR
configuration, only if none of the gates 110 asserts a
logical 0 will full line 114 remain 1n a logical 1 state
indicating that data store 10 is full.

Only if both the tth and the

I+ ‘g— + 1

register elements 44 are in logical state 0 will gate 108
assert a logical O signal on half-full line, HF; 116, indi-
cating that the ith register does not sense a half-full
situation. Because the outputs of all gates 108 are con-
nected in a conventional wired-OR configuration, only
if none of the gates 108 asserts a logical 0, will half-full

line 116 assume a Jogical 1 state, indicating that data
store 10 is at least half full, but not entirely full. Local

flag generator n+ 1 does not have a gate 108 and cannot
assert a logical 0 signal on HF line 116.

Referring to FIG. 6C, control register 42 can be
physically implemented as two parallel linear sections
45, one section comprising register elements C,through
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Cn
-+

and the other comprising register elements

C
T+1

through C,; 1, with element C, located opposite ele-
ment

- + t
C; opposite

C
~ + |

and so forth. This permits an efficient physical arrange-
ment of each NAND gate 108 close to the respective
register elements which provide its inputs.

Referring to FIG. 5C, the open collector form of

10

LS

20

NAND gates 106, 108, 110 enables a wired OR configu- 2

ration. For example, full line 114 is connected to output
114 of all n + 2 gates 110. Full line 114 is also connected
to a voltage source which keeps it at a logical 1 value
until any one or more of gates 110 asserts a logical O
which draws line 114 down to a logical 0 value. There-
fore the logical values asserted by gates 110 are effec-
tively summed on line 114. Empty line 112 and half tull
line 116 are arranged similarly.

Returmng to FIG. 1, status latches 117 hold the val-
ues appearing on empty line 112, full line 114 and half
full line 116 whenever data source 11 sends a write
clock signal on line 130 or a status read signal on line
132. Latches 117 hold those values until the entire write
or status read operation is completed.

If line 134 carries a not full signal (F*=Ilogical 1)
when a write signal appears on line 130, gate 136 per-
mits the write clock signal to appear on line 28 to effec-
tuate the write operation. If, however, a full signal
(F* =0) appears on line 134 when a write signal 18 ap-
plied to line 130, inverter 138 and gate 140 cause a writ-
ing full memory signal to be applied to line 142, indicat-
ing to data source 11 that no more data words can be
written into data store 10 and the requested write opera-
tion has not been performed. When a status read signal
is applied to line 132, signals are provided by latch 117
on not full line 144, not half full line 146 and empty line
148. These signals can be used by data source 11 to
determine the available capacity of data store 10.

Similar functions are provided between status latches
118 and data user 13 by gates 150, 152 and 154 and
inverter 156 to provide a signal on reading empty mem-
ory line 180 when data user 13 attempts to read from an
empty memory, and to permit data user 13 (by means of
a status read signal on status read line 171) to find out
the quantity of data words available for reading from
data store 10, based on signals appearing on not empty
line 190, half full line 192 and full line 194.

Interrupt controls 160, 162 interrupt data user 13 on
interrupt line 168 and data source 11 on interrupt line
172 respectively whenever the quantity of data words
available for reading or the quantity of stages 16 avail-
able for storage of data words {as indicated on lines 112,
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114, 116) rises or falls to levels programmed on lines 164
and 166.

Referring to FIG. 7A, control register 42 is split at
four points. The four resulting segments of control reg-
ister 42 are segment 200 (register elements C, through
C,/2); segment 202 (register elements

C
-§—+z

through C,/2), segment 204

(C%T]thmught’h +-€- )

and segment 206

h C,, P
(Cé,_+4i_+:thrnug ,-H;)

Conventional multiplexers 208, 210, 212, and 214 are
inserted as shown between each pair of segments 200,
202, 204 and 206. Each multiplexer 208, 210, 212 and
214 transmits the signal from 1ts “a” input when signal L
is a logical 1 and transmits the signal from its “b™ input
when signal L is a logical Q. By appropriate provision of
L signals (which serve as a length selector) to multiplex-
ers 208, 210, 212 and 214, segments 200 and 204 can be
made to operate as a shortened control register 42 hav-
ing a capacity p, while all four segments 200, 202, 204
and 206 can alternatively be selected to operate as a full
control register 44,

Referring to FIG. 7B, the write gate 48 for register
element p/2 receives on its input line 63 either state

Ox
or state

Q{_ -
depending on the condition of multiplexer 220, as deter-
mined by the signal L. Referring to FIG. 7C, the write

gate 48 for register element

receives on its input line 63 either state Q, or state

Qﬁj— 1 -42— .
depending on the condition of multiplexer 222, as deter-
mined by the signal L. These gates 48 assure the proper
read and write signals for the two different length con-
trol registers.

Referring to FIG. 7D, signals are generated on half
full line 116 for the split control register 42 shown In

FIG. 7A. NAND gates 108 for generating signals HF,
through
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HF

5

are connected together in a wired OR-configuration to
provide the half-full signals on line 116 when the short-
ened control register 42 is in use. When the full control
register 42 is in use, NAND gate 224 is enabled by
signal L and, in conjunction with inverter 226, add
NAND gates 108 for generating signals

H¥

.g_

through

H,
-

to the wired OR line 116.

Similarly, FIG. 7E shows the generation of the sig-
nals on full line 114 for the split control register 42 of
FIG. 7TA. NAND gates 110 for generating signals F,

through

F

.g_

are connected in a wired OR configuration to full ine
114. NAND gate 228 and inverter 230 enable NAND
gates 110 for generating signals

and £,

LI through F

T ot

through F ,
-~

F—g— + 1
to be connected to full ine 114 when signal L is applied
to NAND gate 228.

OPERATION

Referring to FIG. 6A, control register 42 can be
represented as a continuous ring 43 of register elements
44 in which element C, i1s attached to element C,.
(FIG. 6B illustrates the linear version of ring 43 and
corresponds to control register 42 in FIG. 3A.) Each
register element 44 contains, at a given time, a logical 1
or a logical 0, and together the register elements 44
serve as pointers to the stages 16 of data store 10 to
indicate which stages 16 contain data words, which
stage 16 is to receive the next-in data word, and which
stage 16 1s to provide the next data word to be read.
Ring 43 always holds a single subset of contiguous 1’s
containing at least a single 1 and a single subset of con-
tiguous O's containing at least a single 0. For the direc-
tion of control flow shown in FIG. 6A, the predecessor
of register element 1 i1s register element i—1 and the
successor of 1 is i+ 1. The ring head 1s defined as that
register element containing a 1 whose successor con-
tains a 0. The ring tail 1s defined as that register element
containing a 1 whose predecessed contains a 0. If ring
43 contains a single 1, data store 10 i1s empty; if ring 43
contains a single 0, data store 10 is full. The ring head
always indicates the next stage 16 to be written and the
ring tail the next stage 16 to be read. Any I’s between
the ring head and the ring tail indicate stages 16 which
contain data words.

The operation of the system begins by applying a
“clear” signal on line 82 which causes a 1 to be loaded
into the first register element (C,) 44 and O's to be
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loaded into all other register elements 44. Data store 10
is then empty, as indicated by the existence of only a
single 1 in control register 42, and the single 1 in register
element C, 1s both the ring head and the ring tail.

Data source 11 can be continually making a data
word available on input data line 12, and the data word
1s continually written into the stage corresponding to
the ring head, that stage being enabled by the write gate
signal from gate 48 associated with that stage. By pro-
viding a write clock signal on line 130 (which is then
carried on line 28), data source 11 causes narrow clock
generator 64 to issue a CWR* signal (at the end of the
write clock signal), causing the register elements to shift
their status. The ring head is then advanced to the next
stage causing the data word which had previously been
written to be automatically stored in the stage associ-
ated with the former ring head. Data source 11 can then
write the next data word continuously into the stage
associated with the new ring head until the ring head 1s
shifted again in response to a CWR?* signal.

When data user 13 wishes to read from data store 10,
which can be done at the same time and at a different
rate of speed from the write operation, a read clock
signal is provided on line 170 and, provided that data
store 10 is not then empty (in which case a reading
empty memory signal would appear on line 180), data
can be read out on line 14 from the stage 16 correspond-
ing to the ring head, and immediately thereafter all
register elements 44 are updated so that the former ring
tail adopts an 0 status and all other register elements 44
remain unchanged.

The ring head and ring tail are never at the same
register element, except when data store 10 is empty, so
that reading by data user 13 and writing by data source
11 can occur essentially at the same time, and at differ-
ent rates of speed without interference.

FIGS. 4A and 4B show two sequences of read and
write operations and indicate the states of register ele-
ments 42 and the status of the full, half full and empty
indicators (and their inverses) immediately after each
step is executed. A read operation must not occur after
step 1, 15 or step 35 (when data store 10 1s empty);
otherwise control register 42 will lose its ring head.
Reading of an empty data store i1s prevented either by
programming data user 13 to status read before reading
data or by hardware implementation as part of interrupt
control 160. Similarly data source 11 must not write
after step 6a or step 86 (when data store 10 1s full);
otherwise control register 42 will lose 1ts ring head and
its ring tatl.

By virtue of the use of n+ 2 stages to control an ap-
parent n data word data store, the ring head always
points to the next stage to be written, even when data
store 10 is *‘full”. The ring tail and ring head are always
separated by at least one 0, ensuring that reading and
writing always occur in different stages 16. A write
clock input to each controller 40 i1s not required since
writing in one stage can be done continuously until the
ring head is advanced to the next stage. Accurate full,
half full and empty status indicators can be provided
without requiring auxiliary memories.

Data user 13 and data source 11 can determine the
available capacity of data store 10 by asserting status
read signals respectively on lines 171 and 132.

Interrupt controls 160 and 162 are arranged to signal
data user 13 and data source 11 respectively whenever
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the available capacity of data store 10 reaches particular
levels.

Other embodiments are within the following claims.
For example, referring to FIGS. 8A and 8B, write clock
and read clock lines 28 and 32 are connected through
inverters 410, 412, respectively, and lines 414, 416 to
gates 48 and 46 of each control element 40. Gates 48 and
46 then provide appropriate their read enable (RDG))
and write enable (WRG)) signals to the proper stages of
the data store only when write or read signals are deliv-
ered on lines 28, 32, rather than continuously.

I claim:

1. Apparatus for controlling the loading into a data
store of a sequence of data words and the reading from
said data store of said data words in the same said se-
quence, said data store comprising a plurality of stages,
said apparatus being arranged for determining the next-
to-be-read and next-to-be-loaded stages of said data
store Comprising:

pointer circuitry connected to specify the next-to-be-
loaded one of said stages and to specify indepen-
dently the nexi-to-be-read one of said stages,

a loader responsive to said pointer circuitry and con-
nected to enable loading said next data word in said
sequence to be loaded,

a reader responsive to said pointer circuitry and con-
nected to enable reading, independently of said
loader, said next data word in said sequence to be
read, and

pointer update circuitry for updating the status of said
pointer circuitry after each said loading and after
each said reading,

said pointer circuitry comprising a register of ele-
ments each element occupying one of two possible
states and each element associated with one of said
stages, said elements residing in states which de-
pend on which of said stages contain data words,
said states being indicative of which stages are the
next-to-be-loaded and the next-to-be-said next to be
read and next to be loaded stages being specified by
particular ones of said elements based on the states
occupied by at least some of said elements.

2. The apparatus of claim 1 wherein said stages are
arranged consecutively and said data words in said
sequence are loaded respectively into consecutive said
stages, and wherein

said elements in said register are arranged effcctively
in a continuous ring, each of said elements being In
a first state when the corresponding stage either
contains a data word or immediately succeeds the
stage containing the last loaded said data word,
each of said elements otherwise being in a second
state,

whereby said next-to-be-loaded one of said stages is
specified by the corresponding element which 1s in
said first state when the next succeeding said ele-
ment is in said second state, and said next-to-be-
read one of said stages is specified by correspond-
ing said element which is in said first state when the
immediately preceding said element is in said sec-
ond state.

3. The apparatus of claim 1 or 2 further comprising
load timing circuitry connected to trigger said loader to
enable said loading.

4. The apparatus of claim 1 or 2 further comprising
read timing circuitry connected to trigger said reader to
enable said reading.
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5. The apparatus of claim 1 or 2 further comprising
control circuitry connected to disable said loader when
said data store is full.

6. The apparatus of claim § wherein said data store 1s
treated as full when all but two of said stages contain
sald data words.

7. The apparatus of claim 1 or 2 further comprising
control circuitry connected to disable said reader when
said data store 1s empty.

8. The apparatus of claim 2 wherein said pointer
update circuitry comprises

load update circuitry responsive to the completion of

said loading of each said data word and connected
to cause the element succeeding said element
which had specified said next-to-be-loaded one of
said stages to change to said first state, and

read update circuitry responsive to the completion of

said reading of each said data word and connected
to cause the element which had specified said next-
to-be-read one of said stages to change to said sec-
ond state.

9. Apparatus for indicating the level of occupancy of
a data storage system having a sequence of stages, said
apparatus comprising

occupancy sensing circuitry responsive to said stages

and connected to indicate whether or not different
ones of said stages are occupied by data, and
half-full flag circuitry responsive to said occupancy
sensing circuitry and connected to indicate when at
least half of said stages are occupied by data.

10. The apparatus of claim 9 wherein

said sequence is split into two sub-sequences having

equal numbers of said stages, each said stage in
each of said sub-sequences being associated with
one of said stages of the other said sub-sequence,
and

said half-full flag circuitry comprises a plurality of

half-full indicators, each of said indicators being
associated with one of said stages in one of said
sub-sequences and with the corresponding stage 1n
the other said sub-sequence, each of said indicators
being connected to provide an at-least-half-full
signal when both of its associated said stages are
occupied.

11. The apparatus of claim 9 further comprising:

full flag circuitry responsive to said occupancy sens-

ing circuitry and connected to indicate when all of
said stages are occupied.

12. The apparatus of claim 9 further comprising

empty flag circuitry responsive to said occupancy

sensing circuitry and connected to indicate when
all of said stages are unoccupied.

13. The apparatus of claim 11 wherein

said full flag circuitry comprises a plurality of not-full

indicators, each of said indicators being associated
with one of said stages and with the preceding
stage in said sequence, each of said indicators being
connected to provide a not-full signal when both of
satd associated stages are unoccupied.

14. The apparatus of claim 12 wheretn

said empty flag circuitry comprises a plurality of

not-empty indicators, each of said indicators being
associated with one of said stages and with the
preceding stage in said sequence, each of said indi-
cators being connected to provide a not-empty
signal when both of satd assoctated stages are occu-
pied.
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15. A data store for first-in, first-out storage of a
sequence of data words comprising

a plurality of storage stages,

linking circuitry for enabling different predetermined

numbers of said storage stages to be available at
different times for said storage of data, and

size selector circuitry for causing said linking cir-

cuitry to enable a particular one of said predeter-
mined numbers of said storage stages to be avail-
able at a particular time.

16. The data store of claim 15 further comprising a
sequence of enabling elements, each of said elements
being associated with one of said stages for enabling the
corresponding one of said stages to be loaded or read,
said sequence being split into a first part and a second
part, and wherein said linking circuitry selectably con-
nects or disconnects said first part and said second part.
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17. The apparatus of claim 16 wherein each of said
first and second parts is split into a first subpart and a
second subpart, said first subparts having equal numbers
of said elements and said second subparts having equal
numbers of said elements, and said linking circuitry
further comprises four multiplexers, one of said multi-
plexers connecting each two of said subparts, said appa-
ratus further comprising:

occupancy sensing circuitry connected to indicate

the occupied or unoccupied states of each of said
stages, and

half-full flag circuitry responsive to said occupancy

sensing circuitry and connected to selectably indi-
cate when at least half of said stages, or at least half
of said stages associated with said first part, are

occupied.
* ¥ % % ¥
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